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genus Rhodoplanes with validly published names. The results of 16S rRNA gene sequence comparisons indicated that TUT3520
T had a 99.0 % level of similarity to the type strains of Rhodoplanes oryzae and Rhodoplanes elegans as its closest relatives and 98.9-96.2 % similarities to other species of the genus Rhodoplanes. Genomic DNA-DNA similarities between TUT3520 T and the type strains of the species of the genus Rhodoplanes were less than 50 %. Results of phenotypic testing indicated that TUT3520 T could be differentiated from any species of the genus Rhodoplanes by a combination of in vivo absorption spectra, growth temperature, vitamin requirements, carbon nutrition and some other characteristics. Thus, we propose Rhodoplanes tepidamans sp. nov. to accommodate the bacterium previously referred to as 'Rhodoplanes (Rhodopseudomonas) cryptolactis'. The type strain is strain TUT3520 T (=DSM 9987 T =NBRC 104267 T ).
'Rhodopseudomonas cryptolactis' as a novel species of thermotolerant budding phototrophic bacteria was proposed by Stadtwald-Demchick et al. [1] The designated type stain of 'Rhodopseudomonas cryptolactis' was ATCC 49414 T , which was then deposited with the DSMZ (Braunschweig, Germany) as DSM 9987
T . Later, we studied the phylogenetic and taxonomic position of 'Rhodoplanes cryptolactis' DSM 9987
T together with thermotolerant strains of the anoxygenic phototrophic bacteria isolated from hot springs [2, 3] . Our phylogenetic data clearly showed that DSM 9987
T represented a distinct line of descent within the genus Rhodoplanes. Also, the phenotypic characteristics of DSM 9987 T were distinguishable from those of Rhodoplanes elegans and Rhodoplanes roseus, which were the only species of the genus Rhodoplanes with validly published names at that time [4] . Thus, we proposed to reclassify 'Rhodopseudomonas cryptolactis' Stadtwald-Demchick et al. 1990 as 'Rhodoplanes cryptolactis' nom. rev., comb. nov. with DSM 9987 T (=ATCC 49414 T ) as the type strain [3] . However, while both the names 'Rhodopseudomonas cryptolactis' and 'Rhodoplanes cryptolactis' have not been validated to date, ATCC 49414 T is no longer available from the culture collection (ATCC, www.atcc.org/). This situation indicates that the taxonomic status of the bacterium with both names to be validated has been lost in light of Rule 27 in International Code of Nomenclature of bacteria [5] . Since the proposal of the name 'Rhodoplanes cryptolactis' in 2007, some novel species have been added to the genus Rhodoplanes. At the time of writing, the genus Rhodoplanes comprises Rhodoplanes oryzae [6] , Rhodoplanes piscinae [7] , Rhodoplanes pokkaliisoli [8] and Rhodoplanes serenus [9] in addition to Rhodoplanes elegans and Rhodoplanes roseus. In this paper, we report comparative phylogenetic and phenotypic data on DSM 9987
T (re-designated as TUT3520 T in our own collection) with the six established species and propose a new species name, Rhodoplanes tepidamans, to accommodate this strain.
TUT3520
T , which is a replicate of DSM 9987 T as noted above, was used. This strain has been deposited with the NITE Biological Resource Center, Kisaradzu, Japan, as (DSM 18633  T ) were used. The strains with DSM, JCM and NBRC numbers were obtained from the DSMZ, Japan Collection of Microorganisms, RIKEN BioResource Center (Tsukuba, Japan) and the NITE Biological Resource Center, respectively. The sources of all other strains have been described previously [4, 9] . For testing and sub-culturing, the test organisms were grown in Rhodoplanes (RPL) medium (pH 6.8), which consisted of 1 l of mineral base RM2 [10] , sodium pyruvate (1.0 g l ).
First, we studied the phylogenetic relationship between TUT3520 T and the established species of the genus Rhodoplanes based on 16S rRNA sequence information. Since the available sequence information on the type strains of some species of the genus Rhodoplanes from DNA banks available to the public was incomplete, we re-determined nearly full 16S rRNA gene sequences of the test strains by Sanger sequencing of PCR amplicons with primers 27f and 1492r [11] as described previously [12, 13] . Sequencing of 16S rRNA gene amplicons was also outsourced to Macrogen (Kyoto, Japan). The sequences determined in this study have been deposited under DDBJ accession numbers LC178576-LC178579. Selected sequence data were subjected to multiple sequence alignment and calculation of nucleotide substitution rates (K nuc ) by Kimura's two-parameter model [14] using the CLUSTAL X version 2.0 program [15] . Phylogenetic trees were reconstructed by the neighbour-joining [16] , maximum-likelihood [17] and maximum-parsimony [18] methods using the MEGA version 6.06 program [19] . Pairwise sequence homology searches were performed using the GENETYX-MAC version 17.0.7 program (GENETYX Corporation). Our new sequence data provided more correct pairwise sequence similarities among the test strains than those reported previously [6] [7] [8] [9] . TUT3520 T was most closely related to Rhodoplanes oryzae NBRC 109406
T and Rhodoplanes elegans AS130 T at a 99.0 % level of similarity. Also, TUT3520
T showed 98.2-96.9 % similarities to other species of the genus Rhodoplanes (Table S1 , available in the online Supplementary Material). The sequence of Rhodoplanes piscinae JCM 14934
T was identical with that of Rhodoplanes serenus TUT3530
T at the determined 1450 positions. The topography of 16S rRNA genesequence-based phylogenetic trees of species of the genus Rhodoplanes was different depending upon the algorithms used, but all the trees showed that TUT3520
T clustered with Rhodoplanes oryzae NBRC 109406
T as its nearest phylogenetic neighbour (Fig. 1) . Genomic DNA-DNA hybridization studies were also performed by the dot-blot hybridization method using the AlkPhos Direct Labelling and Detection System (GE Healthcare) as described previously [3] . TUT3520
T had hybridization levels of 47±5 % to Rhodoplanes elegans AS130 T , 46±6 % to Rhodoplanes oryzae NBRC 109406
T , 45±7 % to Rhodoplanes roseus 941 T , 29 ±5 % to Rhodoplanes pokkaliisoli NBRC 104972 T and 22 ±6 % to Rhodoplanes serenus TUT3530
T . Counter-hybridization assays with the DNA from the type strains of Rhodoplanes elegans, Rhodoplanes oryzae and Rhodoplanes roseus as the labelled probes showed 41-44 % levels of hybridization to TUT3520
T . These results confirm the taxonomic position of TUT3520
T as a distinct genospecies of Rhodoplanes.
General cell morphology and motility was examined using a BX-50 phase-contrast microscope (Olympus) equipped with LuminaVision image analysis software (Mitani Corporation Visual System). Thin-section transmission electron microscopy was performed using a transmission electron microscope (JEOL; [20] ). Absorption spectra were measured for extracts with an acetone-methanol mixture (7 : 2, by volume) and sonicated cell-free extracts from phototrophically grown cells using a spectrophotometer. Carotenoid composition of the acetone-methanol extracts by reverse-phase HPLC using an Inertsil ODS-3 column (4.6 mm i.d.Â250 mm, GL Science) and methanol-diisopropylether (10 : 1, by volume) as the mobile phase. Cell morphology of TUT3520
T conformed to the phenotype of members of the genus Rhodoplanes [4, 21] . Specifically, TUT3520
T has rod-shaped cells multiplying by budding and asymmetrical cell division (Fig. S1a) . Cells measured 0.8-1.0 µm (average, 0.92±0.09 µm) in width and 2.0-4.0 µm (average, 3.01±0.67 µm) in length. At the logarithmic phase of growth, cells are actively motile and form rosettelike clusters at older stages. Studies on cell structure and components of TUT3520
T with respect to anoxygenic photosynthesis supported previous results [1, 3] . The cell-free extract from cells grown under high-light conditions (20 W m -2 ) showed absorption maxima at 373, 492, 529, 593, 800 and 855 nm with a shoulder at 875-877 nm (Fig. S2a) . In low-light-grown cells (2 W m -2 ),the absorption peak at 855 nm disappeared and a new peak at 821-824 nm became prominent. These spectrophotometric features in the near infrared region indicate the presence of two types of variable antenna complex as well as of photochemical reaction centre with bacteriochlorophyll a as reported previously [22] . The presence of bacteriochlorophyll a in TUT3520 T was confirmed by detecting an absorption maximum at 771 nm in its acetone-methanol extract. Similar in vivo spectral changes of cells in response to light intensity have been found in Rhodoplanes piscinae JCM 14934 T (Fig. S2b ) as well as in Rhodoplanes serenus TUT3530 T [9] . On the other hand, Rhodoplanes oryzae NBRC 109406
T and Rhodoplanes elegans AS130 T , the nearest phylogenetic relatives of TUT3520 T , showed little or no spectral changes as an effect of light intensity (Fig. S2c, d ). This was also true for Rhodoplanes pokkaliisoli NBRC 104972
T and Rhodoplanes roseus 941 T (data not shown). The present study has demonstrated that in vivo infrared spectral patterns are quite useful for the discrimination of species of the genus Rhodoplanes (see Table 1 ). The absorption maxima at 492 and 529 nm in TUT3520 T (Fig. S2a) indicate the presence of carotenoids of the spirilloxanthin series. Results of carotenoid analyses by reverse-phase HPLC indicated that rhodopin, lycopene, spirilloxanthin and anhydrorhodovibrin were the major components in TUT3520
T . Similar carotenoid profiles of DSM 9987 T (TUT3520 T ) have been reported previously [23] . Thin-section transmission electron microscopy confirmed that TUT3520
T formed intracytoplasmic photosynthetic membranes of the lamellar type parallel to the cytoplasmic membrane (Fig. S1b) .
For cellular fatty acid analysis, cells from cultures at the late-exponential phase of growth in RPL medium were collected by centrifugation, washed and lyophilized. Whole-cell fatty acids were extracted as their methyl ester derivatives, separated by gas-liquid chromatography and identified using the MIDI Sherlock Microbial Identification System [24] . These analyses were performed by TechnoSuruga Laboratory (Shizuoka, Japan). In all tested strains, the major component of cellular fatty acids was C 18 : 1 !7c (74-80 %), and C 16 : 0 was present as the second most abundant component (10.7-17.5 %) (Table S2 ). C 16 : 0 3-OH was present as the main hydroxy acid. It is noteworthy that C 19 : 0 cyclo !8c was characteristically detected in TUT3520
T as well as in Rhodoplanes pokkaliisoli NBRC 104972
T . Quinones and polar lipids were extracted from freeze-dried cells according to the protocol of Minnikin et al. [25] . Quinone components were analyzed by spectrophotometry, TLC and reverse-phase HPLC as described previously [26, 27] . In all tested strains, the major quinones were ubiquinone-10 and rhodoquinone-10, which occurred at a molar ratio of 3.5 : 1 in TUT3520 T (Table S2 ). None of the tested strains produced menaquinones. Polar lipids were separated by twodimensional TLC using Kieselgel 60 F 254 silica gel plates (Merck) and developing solvents of chloroform/methanol/ water (70 : 27 : 4, by volume) in the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 12 : 4, by volume) in the second dimension (modified after [28] ). Lipid components were detected by iodine vapor or spraying with 5 % ethanolic molybdophosphoric acid for total lipids, ninhydrin for aminolipids, molybdenum blue for phospholipids, Dragendorff reagent for phosphatidylcholine, and a-naphthol for glycolipids [28, 29] . TUT3520 T had phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and diphosphatidylglycerol as the major polar lipids and unidentified aminolipids as minor components (Fig. S3) . The above-noted four major phospholipids were detected in all other tested strains of species of the genus Rhodoplanes, but there were some differences among the species in unidentified minor components including aminolipids.
For carbon nutrition tests, we used mineral base RM2 [10] supplemented with 0.03 % yeast extract and vitamin B 12 (20 µg l -1 ) as the basal medium. For TUT3250 T , the medium also contained 2 mM thiosulphate. A filter-sterilized and neutralized substrate was added to the basal medium to give the final concentration recommended by Imhoff and Caumette [30] . Test tubes (20 ml capacity) were completely filled with the medium and incubated at [30] [31] [32] [33] [34] [35] C in light for 10 days before final reading. Cultures showing an OD 660 of more than 0.05 compared with the control without added substrate were taken as being positive for growth. All other physiological tests were performed according to protocols described previously [3, 4] . In all tested strains, anaerobic phototrophy with simple organic compounds as carbon and energy sources was the preferred mode of growth, and both aerobic growth at full atmospheric oxygen tension and anoxic denitrifying growth in darkness were also possible. None of the tested strains showed fermentative growth with pyruvate or glucose. Although results of previous studies had indicated that Rhodoplanes piscinae [7] and Rhodoplanes pokkaliisoli [8] were unable to utilize pyruvate and
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Rhodoplanes piscinae JCM 14934 T (LC178579) Fig. 1 . 16S rRNA gene-sequence-based maximum-likelihood tree showing phylogenetic relationships between TUT3520 T and other strains of species of the genus Rhodoplanes. The nodes also supported by neighbour-joining and maximum parsimony trees are indicated by filled circles. The accession numbers for sequences incorporated are shown in parentheses. Rhodopseudomonas palustris ATCC 17001 T (AB498815) was used as an outgroup to root the tree. Bar, 0.01 % nucleotide substitution rate (K nuc ).
yeast extract, respectively, our careful examinations showed that all tested strains of species of the genus Rhodoplanes were able to grow with these compounds as well as with peptone. Also, little or no growth took place with sugars including glucose and fructose in all tested strains. Differences in carbon nutrition among the tested strains were noted with lower fatty acids, gluconate, lactate, citrate, malonate and some amino acids, although the type strains of Rhodoplanes serenus and Rhodoplanes piscinae were indistinguishable from each other with respect to carbon nutrition as well as other phenotypic traits (see Table 1 ). Diagnostic characteristics useful for differentiation of TUT3520 T from the previously established species of the genus Rhodoplanes include cell length, budding type, rosette formation, temperature range for growth, vitamin requirements, sulphate assimilation and thiosulphate utilization in addition to in vivo absorption spectra and carbon nutrition ( Table 1 ). All other phenotypic characteristics of TUT3520 T are given in the description of the species below.
We have ascertained that TUT3520 T (DSM 9987 T ) is phylogenetically and phenotypically distinguishable from any established species of the genus Rhodoplanes. Although we Freshwater pond *Absorption maxima with shoulder (in parentheses) of cell-free extract from cells grown at a high light intensity (20 W m -2 ). †Absorption maxima of the peripheral light-harvesting complex induced under dim-light (2 W m À2 ) growth conditions. ‡Information from Okamura and Hiraishi [3] for TUT3520 T , Hiraishi and Ueda [4] for Rhodoplanes elegans and Rhodoplanes roseus, Srinivas et al. [6] for Rhodoplanes oryzae, Lakshmi et al. [8] for Rhodoplanes pokkaliisoli and Okamura et al. [9] and Chakravarthy et al. [7] for Rhodoplanes serenus and Rhodoplanes piscinae. Habitats are geothermal hot springs. The type strain is TUT3520 T (=DSM 9987 T =NBRC 104267 T ). The G+C content of genomic DNA of the type strain ranges from 68.8 to 69.0 mol%. The database accession number for the 16S rRNA gene sequence of Rhodoplanes tepidamans DSM 9987 T is AB087718.
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